Objectives: To provide benchmarking data on antifungal use in intensive care units (ICUs), to analyse risk factors and to look for correlations with antibiotic use data and structure parameters. Results: Mean systemic antifungal drug use was 93.0, the range being between ADs of 18.9 and 232.2. ICUs treating transplant patients had a significantly higher mean antifungal usage at 152.9 compared with ICUs not treating transplant patients where the AD was 46.0. Fluconazole was the most frequently prescribed antifungal (mean AD 69.6) followed by amphotericin B (11.4) and voriconazole (6.2). Antifungal use correlated significantly with the consumption of quinolones, carbapenems and extended-spectrum penicillins, but not with total antibiotic use and not with the type of ICU or university status. In the multivariate linear regression analysis, two parameters, i.e. high quinolone use (P 5 0.002) and ICUs which treat transplant patients (P 5 0.027), were independent risk factors for a high level of antifungal use.
Introduction
During the 1980s, numerous reports described a dramatic increase in the frequency of severe life-threatening infections caused by yeasts, and especially Candida spp. 1 Candida albicans is currently the seventh most common nosocomial pathogen in German intensive care units (ICUs) and the third most common bloodstream pathogen in US ICUs. 2 The introduction of fluconazole in 1990, a well-tolerated antifungal with a broad spectrum of activity against yeast, lowered the threshold for the prescription of antifungals by physicians. Some investigators suggested that the indiscriminate use of fluconazole would select resistant strains and species. provide a basis for the analysis and comparison of consumption data. Such surveillance systems are already in place for antibiotic use and bacterial resistance. 5 -7 However, there is a great scarcity of benchmarking data on antifungal consumption in high-risk areas. 8 Surveillance data are essential for developing policies and programmes and for evaluating their effectiveness in preventing and efficiently bringing public health problems under control. If, for instance, ICUs do not have benchmarking data on antimicrobial use, they will not know whether they have high or outlier consumption in comparison to other ICUs.
The aim of this study was to provide such benchmarking data on antifungal use in ICUs and to look for the correlations and risk factors relating to antifungal use against antibiotic use and against structure parameters of ICUs. SARI protocol. 7 Data on fungal isolates from primary sterile compartments were obtained directly either from the microbiology laboratory or from the person responsible for SARI. This might have been the intensive care physician, the microbiologist or the infection control physician. None of the ICUs treating transplant patients used fluconazole to change anti-rejection levels.
Materials and methods
Consumption was expressed as daily defined doses (DDDs) and normalized per 1000 patient-days (AD¼antimicrobial usage density), one DDD being the standard adult dose of an antimicrobial agent for 1 day treatment defined by the WHO [Table S1 , available as Supplementary data at JAC Online (http://jac.oxfordjournals.org)]. The following structure and process parameters were reported: size of hospital (, or 1000 beds), number of ICU beds (, or 12), type of ICU (medical, surgical, interdisciplinary), affiliation status (university hospital yes/no), treatment of transplant patients in the ICU (yes/no), incidence density of fungi, i.e. the number of nonduplicate fungal isolates from primary sterile compartments/1000 patient-days, length of stay (days), bed utilization and (endotracheal) tube utilization. 'Primary sterile compartment' was defined as isolates originating from blood cultures, liquor and intra-abdominal or pleural biopsies or punctures.
In the univariable analysis, associations were tested between antifungal use and antibiotic use, structure and process parameters. We determined the Spearman correlation r s for the association between antifungal use and all continuous parameters, e.g. antibiotic use of all antibiotic groups. For dichotomous variables, e.g. university hospital yes or no, we used the two-sided Wilcoxon test. The significance level was set at P ¼ 0.05.
A multiple linear regression model was carried out to identify independent risk factors for the outcome 'antifungal use'. All continuous variables were logarithmically transformed. The stepwise forward selection was used with significance level P ¼ 0.05 for entering the variable into the model and P ¼ 0.10 for removing the variable. The R 2 -statistic was used to measure how well the regression explains the data.
Data analysis was performed using SAS version 9.01 and SPSS version 12.0.1.
Results
Five of the 13 ICUs were located in university and seven in teaching hospitals. Five were surgical and four each medical and interdisciplinary. Six belonged to hospitals with more than 1000 beds. Systemic antifungal drug use ranged between an AD of 18.9 and 232.2, with the pooled mean lying at 93.0 (Table 1) . Cumulative data from January 2004 to June 2005 revealed that fluconazole was the most frequently prescribed antifungal (mean AD 69.6) followed by amphotericin B (mean AD ¼ 11.4) and voriconazole (mean AD ¼ 6.2) ( Table 2) .
Correlation of antifungal use data with antibiotic use showed a significant positive correlation with the consumption of quinolones (r s ¼ 0.830, P , 0.001), carbapenems (r s ¼ 0.621, P ¼ 0.024) and penicillins with extended spectrum (r s ¼ 0.588, P ¼ 0.035) (Table 3) . Additionally, there was a significant correlation between the total incidence density of fungi from primarily sterile compartments (r s ¼ 0.693, P¼0.026) and ICUs treating transplant patients (P ¼ 0.030). The statistically significant results with a correlation coefficient .0.6 are demonstrated in Figure 1(a -c) . In Figure 1(c) , the ICU with the highest incidence density of fungi (2.13 isolates/1000 patient-days) uses antifungals with an AD of 152.9. In contrast, the ICU with the highest antifungal use, i.e. 232.2, has an incidence density of fungi of 0.81.
The correlation was also carried out for ICUs (n ¼ 10) that had provided data on the number of non-duplicate fungal isolates obtained from primary sterile compartments. The correlation with antifungal use remained statistically significant for the use of quinolones (r s ¼ 0.794, P ¼ 0.006) and carbapenems (r s ¼ 0.661, P ¼ 0.038) and for the incidence density of fungi (r s ¼ 0.693, P ¼ 0.023) and for ICUs treating transplant patients (P ¼ 0.019). However, it was no longer statistically significant for extended-spectrum penicillins (r s ¼ 0.527, P ¼ 0.117).
In the multivariate linear regression analysis, high quinolone use (P ¼ 0.002) and ICUs treating transplant patients (P ¼ 0.027) were independent risk factors for high antifungal use. The goodness of fit of the model was R 2 ¼ 0.79.
Discussion
Although a major increase has been documented in the consumption of antifungals since 1980, benchmarking data on antifungal consumption in ICUs are scarce. Surveillance data on other antimicrobials, i.e. antibiotics, exist and can be used for comparison and analysis of consumption data in one's own hospital. 5, 9, 10 For reasons of national and international comparison, all these projects use DDDs as recommended by the WHO. However, the drawback is that DDDs do not necessarily reflect the doses of some antifungals currently administered and that this in turn may result in an overestimation of antifungal use compared with the expression of antifungal use as prescribed daily doses (PDDs).
In our study, the mean systemic antifungal AD was 93.0, and featured a broad range from 18.9 to 232.2. This is much lower than that reported by Cook et al. for a 730 bed hospital in the USA. Before the introduction of an antimicrobial intervention programme, hospital-wide total antifungal use lay at 144 DDD/ 1000 patient-days. After implementation of the programme, consumption dropped by 28% to 103 DDD/1000 patient-days. 11 de With et al. 8 calculated the antifungal use for five German university hospitals by PDDs/100 patient days. PDDs for most drugs were set twice as high as WHO DDDs (e.g. fluconazole PDD was 400 mg). They found a mean antifungal PDD/100 patient-days of 18.3, i.e. 183/1000 patient-days, in five medical ICUs and 10.7/100 patient-days in five surgical ICUs. This is in line with our data on mean antifungal consumption, as well as the fact that fluconazole remained the most widely used drug despite the availability of new antifungal drugs. However, we could not see a positive correlation between antifungal use and structural parameters such as 'medical ICU' or 'ICU located in a university hospital'. In contrast, the parameter 'ICU treating transplant patients' was revealed to be an independent risk factor for high antifungal use, which is used for these patients both for therapy and for prophylaxis. Therefore, it might be useful to differentiate between ICUs with and without transplant patients if data are generated for comparison.
Obviously, a positive correlation between the incidence density of fungi and antifungal use was expected. However, there was still a broad range between those two parameters in different ICUs. The clinical difficulty in discriminating between fungal infection and colonization is a well-known dilemma, especially in the vulnerable group comprising ICU patients, although there are scoring systems or new 1,3 beta-glucan blood tests for the diagnosis of invasive fungal infection. 12, 13 Nevertheless, benchmarking data can give a reason to analyse the indication for antifungal use in the ICU.
Interestingly, our data showed a significant positive correlation between total antifungal consumption and that of the broad-spectrum antibiotics such as quinolones, carbapenems and extended-spectrum penicillins, but not with the total antibiotic use. In the multivariate analysis with stepwise forward selection, we found quinolone use to be an independent risk factor. In general, broad-spectrum antibiotic use is a well-described risk factor for fungal colonization and infections. 3, 14 In an Israeli teaching hospital, the correlation of antibiotic use and candiduria was studied: for broad-spectrum antibiotics, the corresponding correlation coefficient was 0.66 (P ¼ 0.001), but the strongest correlations were shown for the use of meropenem (r ¼ 0.79, P , 0.001) and ceftazidime (r ¼ 0.66, P ¼ 0.001). 15 The limitations of this study are: first, the incidence density of fungi from primary sterile sites might be overestimated because not only histologically confirmed intra-abdominal cultures were included; secondly, the results of this study might constitute a local phenomenon that might not extrapolate to other ICUs or countries; thirdly, correlations cannot prove a causal relationship and neither can quantitative data give information on quality. The appropriateness of therapy can only be evaluated by audits as was performed by Natsch et al.
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Nevertheless, significant associations might help in identifying 'useful versus not useful' interventions. These benchmarking data on antifungal use in ICUs might provide a useful method for assessing ICU strategies that aim to reduce antifungal use. Furthermore, surveillance data are essential for developing policies and programmes and for evaluating their effectiveness in either preventing public health problems or effectively bringing them under control. However, if surveillance data for antifungal use are generated, it might be reasonable to differentiate between ICUs with and without transplant patients.
